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Project Summary

Title: Multi-Sensor Snow Data Assimilation

Problem Statement: MODIS, AMSR-E, and GRACE all provide
observations that are relevant to snow water equivalent mapping,
each with significant advantages and disadvantages.

Hypothesis: Global fields of SWE can be produced with greater
accuracy than previously seen by simultaneously assimilating MODIS
snow cover, AMSR-E SWE radiance data, and GRACE terrestrial
water storage observations within a sophisticated land surface model.
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Advanced Rule-Based MODIS Snow Cover Assimilation

Foreward-looking “pull” algorithm

» Assesses MODIS snow cover observation 24-72 hours ahead

e Adjusts temperature to steer the simulation towards the observation
e Generates additional snowfall if necessary

e Improves accuracy while minimizing water imbalance
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GRACE Data Assimilation
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AMSR-E Radiance Assimilation
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Assessment of CLM4 Snow Output

CLM4 Configuration

- Offline (uncoupled) mode at 0.9° x 1.25° (latitude x longitude).
- Princeton meteorological forcing fields(Sheffield et al. 2006).
- 1948 to 1979 spinup

Evaluation Data:
1) MODIS/Terra daily snow cover fraction (Hall et al. 2002: MOD10C2; 0.05°
resolution; northern hemisphere; 2001 to 2010)




Comparison of CLM4 with MODIS SCF Observations
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Comparison of CLM4 against Canadian
Meteorological Centre SWE Product

mean Bias =-0.011 mean RMSE =0.044 mean Anom. R =0.28




Comparison of CLM4 Against In Situ Observations
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- A comprehensive data assimilation software
environment

e http://www.image.ucar.edu/DAReS/DART
e developed and maintained by Jeff Anderson’s group at NCAR

e used by both modelers and observational scientists to easily
explore different data assimilation methods, observations, and
models

e linked to atmospheric models (WRF, CAM4) and oceanic models

e being recently linked to CLM4 (UT and NCAR collaboration)

- Community efforts for data assimilation
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Project Summary

Title: Multi-Sensor Snow Data Assimilation

Problem Statement: MODIS, AMSR-E, and GRACE all provide
observations that are relevant to snow water equivalent mapping,
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Comparison against MODIS SCF

Observations
b) Categorical analysis
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Comparison against IMS Product
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Community Land Model

e Evolved from CLM3.5 (released in 2008). CLM3.5
Improves over CLM3 (released in 2004)
Surface runoff (Yang and Niu, 2003; Niu, Yang et al., 2005)
Groundwater (Niu, Yang, et al., 2007)
Frozen soil (Niu and Yang, 2006)

Canopy integration, canopy interception scaling, and pft-dependency
of the solil stress function

Prognostic in carbon and nitrogen (CN) as well as vegetation
phenology; the dynamic global vegetation model is merged with CN

Transient landcover and land use change capability
Urban component

BVOC component (MEGAN2)

Dust emissions

Updated hydrology and ground evaporation

New density-based snow cover fraction (Niu and Yang, 2007), snow
burial fraction, snow compaction

Improved permafrost scheme: organic soils, 50-m depth (5 bedrock
layers)

Conserving global energy-by:-separating river discharge into liquid
and ice water streams ]ACI&O
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Comparison against CMC
Product

a) Snow depth

mean Bias =-0.009 mean RMSE =0.149 mean Anom. R =0.27
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